Design and biological functionality of a novel hybrid Ti-6Al-4V/hydrogel system for reconstruction of bone defects.
We have designed a unique injectable bioactive hydrogel comprising of alginate, gelatin, and nanocrystalline hydroxyapatite and loaded with osteoblasts, with the ability to infiltrate into three-dimensional Ti-6Al-4V scaffolds with interconnected porous architecture, fabricated by electron beam melting. A two-step crosslinking process using the EDC/NHS and CaCl2 was adopted and found to be effective in the fabrication of cell-loaded hydrogel/Ti-6Al-4V scaffold system. This hybrid Ti-6Al-4V scaffold/hydrogel system was designed for the reconstruction of bone defects, which are difficult to heal in the absence of suitable support materials. The hybrid Ti-6Al-4V/hydrogel system favourably modulated the biological functions, namely, adhesion, proliferation, cell-to-cell, and cell-material communication because of the presence of extracellular matrix-like hydrogel in the interconnected porous structure of 3D printed Ti-6Al-4V scaffold. The hydrogel was cytocompatible, which was proven through live/dead assay, the expression level of prominent proteins for cell adhesion and cytoskeleton, including 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay. Furthermore, the high bone formation ability of the hydrogel was confirmed using alkaline phosphatase assay. A high equilibrium water content (~97%) in the hydrogel enables the delivery of cells and bioactive molecules, necessary for bone tissue growth. Although not studied, the presence of hydrogel in the pores of the scaffold can provide the space for the cell migration as well as vascularization through it, required for the effective exchange of nutrients. In conclusion, we underscore that the 3D-printed Ti-6Al-4V scaffold-loaded with bioactive hydrogel to treat the bone defects significantly impacted cellular functions and cell-material interaction.